In order to protect the biological diversity of marine life in Australia's Exclusive Economic Zone (EEZ), the commonwealth government has passed the Environmental Protection and Biodiversity Conservation (EPBC) Act. The Act is being implemented through preparation of regional marine plans (commenced in 2001) and by designing networks of representative marine protected areas (MPAs) in both commonwealth and state waters. In the absence of direct information about the distribution of seabed biodiversity, appropriate surrogates must be used instead. A major constraint is the short time frame available to managers to make decisions; only information that is readily accessible and available can be used under these circumstances.
Introduction

Legislative framework for marine biodiversity conservation
In 1994, Australia ratified the United Nations Convention on Biological Diversity (CBD), and is therefore bound by its articles and associated obligations. Article 8 of the CBD requires parties to establish marine protected areas (MPAs) for the conservation and sustainable use of threatened species, habitats, living marine resources, and ecological processes (de Fontaubert et al. 1996) . In order to meet its obligations under the CBD, the Australian government has confirmed its commitment to create a national representative system of marine protected areas (NRSMPA) as a part of implementing the government's Oceans Policy (ANZECC 1999) . In particular, the Environment Protection and Biodiversity Conservation Act (EPBC Act) enacted in 1999, promotes the conservation of biodiversity by providing protection for threatened species and ecological communities, migratory, marine, and other protected species. The EPBC Act provides for the identification of key threatening processes, the protection of critical habitat, the preparation of management plans and issuing of conservation orders, and the regulation of wildlife import/export. The conservation of biodiversity in Australia's Exclusive Economic Zone (EEZ) involves the development of regional marine plans followed by the design of MPAs in commonwealth waters by the Australian Government Department of the Environment, Water, Heritage and the Arts (DEWHA; formerly the Department of the Environment and Water Resources (DEW) and prior to that the Department of Environment and Heritage (DEH), complementing those MPAs declared by state and territory governments within 3 nautical miles of the coastline. When completed, the commonwealth and state MPA networks will together comprise the NRSMPA.
The regional marine planning process in commonwealth waters is based on an ecosystems approach, which requires planning and management to be based on ecosystem boundaries rather than on political or jurisdictional boundaries. A critical step in the process was the recent development of a national "bioregionalization, " which divides Australia's marine environment into unique bioregions, each charac-terized by endemic species and distinguishing ecological attributes (DEH 2005, see below) .
To fully protect the biodiversity in a bioregion, MPAs must therefore be arranged in a network to maximize the protection of (1) ecosystems, (2) ecosystem processes, and (3) ecosystem linkages/connectivity. Several authors have argued that any procedure adopted for the selection of MPA networks must provide for the inclusion of ecosystem aspects (e.g., Vanderklift and Ward 2000) . For example, Roberts et al. (2003a) list a number of ecological criteria on which MPAs should be selected, including biogeographic representation, habitat representation and heterogeneity, endemism, connectivity, and vulnerable life stages.
A key criterion for the design of the NRSMPA is that the MPA network must be comprehensive, adequate, and representative (the CAR principle, ANZECC 1999). In applying the CAR principle to the design of a national system of MPAs, "comprehensive" means that MPAs must contain the full range of ecosystems present on the seabed, recognized at an appropriate scale, within and across each bioregion. The MPA network will be "adequate" if it has the required level of reservation to ensure the conservation of ecological viability and integrity of populations, species, and communities. This includes replication of ecosystems as essential insurance against loss or damage caused by either natural events or anthropogenic activities outside the control of managers. Finally, the MPA network should contain examples of habitats that are "representative, " which means that the marine areas that are selected for inclusion in MPAs should reasonably reflect the biotic diversity of the marine ecosystems from which they derive (ANZECC 1999) .
The NRSMPA is a cooperative venture between all seven state-territory governments and the commonwealth government. A substantial step forward for the NRSMPA was the nomination of a network of 13 MPAs for the southeast region in 2006. There are already over 200 MPAs in Australia and the goal is to establish a system of MPAs that will place under protection a comprehensive, adequate, and representative portion of Australia's EEZ by 2012.
A key point of interest for users of the marine environment is that MPAs in Australia have a range of categories, from strictly "no-take" Sanctuary Zones to Multiple Use and Special Use Zones (Table 1) . In the latter, Multiple Use and Special Use Zone categories, only some activities are restricted, related to bottom-trawl fishing operations. Activities such as pelagic fishing and oil and gas exploration and development are allowed within Multiple Use and Special Use Zones (Table 1 ). The composition of the NRSMPA will include multiple categories of MPAs such that the overall restrictions placed on industry will be minimized. For example, in the southeast region, only 4 of the 13 nominated MPAs contain areas that are zoned as Sanctuary Zones, where oil and gas exploration and development are excluded, and only one Sanctuary Zone is on the shelf (an area off southern Tasmania). The majority of the area within the nominated southeast MPAs is zoned as Multiple Use and Special Use Zones that should have minimal impact upon oil and gas exploration or development.
Role of geoscience in the NRSMPA
It must be acknowledged that the task of designing any MPA (or MPA system) is highly complex; it may involve politics at national to regional levels, it requires the participation of numerous stakeholder groups, and may be expensive to manage, monitor, and enforce. The part that science has to play in MPA design involves such things as identifying threatened, endangered, or protected species (TEPS), critical TEPS habitat, the location of known biodiversity "hotspots, " or iconic features (Fig. 1) . Geoscience information may be relevant to helping to identify iconic features such as submarine valleys, seamounts, or reef habitats, but a major role also arises for spatial information in understanding ecosystem processes and the distribution of representative habitats (Fig. 1) . In order to design a national representative system of MPAs to protect marine biodiversity, it would seem that a logical first step would be to produce a map showing the distribution of biodiversity in Australia's marine environment. The dilemma is that such a map does not exist and it is not possible at present to predict the spatial distribution of all marine life using the sparse biological information currently available. An alternative approach that is gaining acceptance is to use biophysical (i.e., geologic and oceanographic) indicators of benthic habitats and ecosystems as proxies for biological communities and species diversity (e.g., Hockey and Branch 1997; Roff and Taylor 2000; Banks and Skilleter 2002; Roberts et al. 2003a,b) ; in studies such as these, applications of spatially more complete biophysical information have been employed to systematically map different habitats to support MPA design. This approach has already been adopted in Australia; due to the lack of sufficient biological data, the national marine bioregionalization of Australia was designed primarily using physical surrogates, chiefly seabed geomorphology (DEH 2005) .
The combination of biophysical variables that define different habitats can be mapped if we know what variables to measure and over what spatiotemporal scales to map and measure them. Communities will always exploit the availability of any given habitat, and although the species comprising that community will vary depending on biological factors (e.g., predator-prey relationships), the overall community types (as opposed to communities of specific species) are recognizable. Different species occupy the same ecological niche in different occurrences of the same habitat. Day and Roff (2000) conclude, "It is possible to identify subtidal communities dominated by macrophytic algae in the Atlantic, Pacific and Arctic Oceans. In each geographical region, the species present and the species assemblages are different, but the same types of communities with different species playing equivalent ecological roles are recognizable, irrespective of the specific geographical location. "
The process of compiling information within a spatial framework to guide biodiversity conservation and applying it to aid in the design of MPA networks was described by Harris (2007) as involving five steps:
1. Identify an agreed hierarchical framework that provides a context for mapping biological diversity at different spatial scales.
2. Assemble the available biological and abiotic data sets into a computer geographic information system (GIS) and derive maps from the integration and analysis of the data layers.
3. Interpret and synthesize the available spatial information to derive a "bioregionalization. "
4. Apply algorithms and expert judgment to nominate representative "broad areas of interest" (focus areas for candidate MPAs).
5. Provide scientific advice and information as required by stakeholders and environmental managers during the process to design candidate MPAs.
In this paper, we present an overview of research undertaken at Geoscience Australia that addresses the five steps. Steps 1-3 are a review of work carried out to develop a national bioregionalization for Australia. Next, a new "seascape" classification (Roff et al. 2003 ) of Australia's Southwest Planning Region is described that accounts for differences in benthic environments based on an integration of biophysical variables that have been measured or modeled. We demonstrate how the spatial heterogeneity of seascapes suggests locations where conservation targets can be met while minimizing the total area of MPAs required in order to achieve compliance with the CAR principle. These steps are not specific to Australia and, broadly speaking, we suggest the methods described here may be applied to establish conservation priorities in other geographic regions, like Alaska.
Hierarchical classification scheme
The ecosystem-based approach to planning uses natural regions as planning units, but natural regions need to be identified on a range of hierarchically nested scales for different planning and management purposes. A number of classification schemes have been developed for different regions and for different purposes (e.g., Greene et al. 1994 Greene et al. , 1995 Greene et al. , 1999 Davies and Moss 1999; Roff and Taylor 2000; Vanderklift and 
Ward 2000)
. Hierarchical classification systems can be modified when missing components are identified and a good hierarchical classification system must have predictive power in terms of describing the relationship between habitats and communities. A hierarchical classification system is essential for the selection of representative or distinctive habitats (Roff and Taylor 2000) .
In the case of Australia, a nested hierarchy was adopted for a benthic classification scheme (Butler et al. 2002) , of which the four highest levels are relevant to the present discussion:
Level 1 Provinces. Broadscale biogeographic units.
Evolutionary biogeography is the key process at this level as reflected by the presence of regions of endemism. Provinces are typically of the order of ~1,000 km in extent.
Level 2 Biomes.
Composed of neritic and oceanic zones divided by the continental shelf break. The neritic zone has three primary benthic biomes (estuarine, coastal marine, and shelf ) whereas the oceanic zone consists of two primary benthic biomes (continental slope and abyssal). Sub-biomes may also be recognized based on distinct variations in the composition of biota. Biomes are nested within provincial units and are typically several hundreds of kilometers or more in extent.
Level 3 Geomorphological Units. Areas characterized by similar geomorphology. These may include (on the continental shelf) fields of sand-waves, rocky outcrops, incised valleys, flat muddy seabeds, etc., and (on the slope and at abyssal depths) submarine canyons, seamounts, oceanic ridges and troughs, etc. Such units may typically be about 100 km in extent.
Level 4 Biotopes. Defined on the bases of substrate type (rocky, sediment-covered or a mixture), with associated suites/collections of floral and faunal communities, modified by hydrological variables such as wave exposure, turbidity, and current speed. Biotopes are typically from one to several tens of kilometers in extent.
The hierarchy had several other levels below level 4, and also a pelagic hierarchy was developed (Butler et al. 2002 , DEH 2005 , but these were not used in the present study. The level 3 geomorphological units are considered as surrogates for specific assemblages of biota, based on numerous cases published in the literature. At broad spatial scales, or in cases where only sparse data sets exist, a number of workers advocate the use of abiotic (i.e., geologic and oceanographic) indicators of benthic habitats and ecosystems as proxies for biological communities and species diversity (e.g., Hockey and Branch 1997; Roff and Taylor 2000; Banks and Skilleter 2002; Roberts et al. 2003a,b) ; it follows that applications of spatially more complete abiotic information should be employed to systematically map different habitats to support MPA design. Indeed, Greene et al. (1995 Greene et al. ( , 1999 have devised a benthic marine habitat classification scheme that is strongly dependent upon seabed geology, while in Canada, Roff and Taylor (2000) and Roff (2000, 2001) used primarily bottom physiography and oceanographic information in their hierarchical geophysical approach to classify and map marine environments.
Derivation of a bioregionalization for Australia
The hierarchical scheme described above was applied to derive a benthic bioregionalization for areas of the Australian EEZ beyond the shelf break. It complements the existing Interim Marine and Coastal Regionalisation of Australia (IMCRA) framework that had been derived earlier (IMCRA V.3.3, Thackway and Cresswell 1998) and which covers the continental shelf (less than 200 m water depth), by extending the system of bioregions beyond the continental shelf to cover all of Australia's EEZ.
Together, the two bioregionalizations divide the Australian EEZ into 24 separate provinces that are separated by 17 transition zones making a total of 41 different bioregions (Fig. 2) ; the provinces are characterized by endemic species, as determined from the distribution of demersal fish (DEH 2005) . The transition zones contain overlapping populations that occur in adjacent provinces. Distributions of fish species were recorded as "strings" along the 500 m depth contour. For the analyses, the string was partitioned into smaller segments of about one degree latitude length (about 120 km) into which tabulations of species occurrences were maintained. The similarity or difference between adjacent string segments was measured using the Jaccard statistic 1 , which identified boundaries between different provinces (DEH 2005) .
Examination of the boundaries between provinces shown in Fig. 2 reveals that they are locally highly complex. This is because province boundaries are based on information from the lower orders of the classification hierarchy, biomes and, in particular, geomorphological units. Biomes include the shelf, slope, and abyssal regions. The geomorphological units are based on an analysis of seabed geomorphic features that was carried out for the whole of Australia (Harris et al. 2005 ).
Derivation of a geomorphic features map
Geomorphic features were identified using a 250 m spatial resolution bathymetry map with reference to previously published geological studies (Harris et al. 2005) . A scale of 1 The Jaccard statistic is used to compare the similarity or diversity of different data groupings, and is defined as: (C₁,C₂) = a / (a + b + c), where C₁ and C₂ are two different clusters, a is the total number of groups clustered together, b is the number of groups clustered in C₁ but not in C₂ and c is the number of groups clustered in C₂ but not in C₁.
1:5,000,000 was selected together with a 10 km minimum length scale for the geomorphic features to be mapped. Geomorphic features that are smaller than 10 km in length were either aggregated into larger features (e.g., a field of sand waves) or were ignored. This scale is constrained by the pixel size of the grid (i.e., 40 pixels × 250 m = 10 km) and is consistent with the smoothing carried out for contour mapping (smoothed over 2,250 m).
The vertical spacing of contours was set for 5 m on the shelf (0-500 m) and at 100 m for greater depths. Contour maps were supplemented by false-color, azimuth-illuminated, bathymetric images, generated by assigning a gradational color value to each (un-smoothed) depth pixel. These falsecolor images were generated separately for the shelf and for the entire margin. The false color images were useful for detecting some smaller, low relief features that might be overlooked on a contour map.
Terms and nomenclature used to describe geomorphic features of the seabed are based on definitions endorsed by the International Hydrographic Organisation (IHO 2001). We used 21 separate categories of geomorphic feature (Table 2) , extracted from the 53 types given by IHO (2001) by grouping similar geomorphic features into single categories (e.g., "bank" and "shoal" are number 5; "deep, " "hole, " and "valley" are number 6; etc.) in order to reduce the amount of time required to classify features. We also added a category for sand waves (subaqueous dunes of Ashley 1990) and sand banks (number 21, Table 2 ) as we considered these to be important geomorphic features on the Australian shelf. Features listed in Table 2 were identified on contour and false color maps and drawn by hand onto transparent compilation maps. The "drainage" algorithm in ArcGIS was used on the bathymetry grid to assist with the identification of shelf valleys, submarine canyons, and basins (Fig. 3) .
The separate geomorphic feature polygons were digitized and stored as an ArcGIS shape files. The resulting map of geomorphic features (Fig. 4) became a fundamentally important data set for the derivation of the national benthic marine bioregionalization (DEH 2005; see also Heap and Harris 2008) .
Surrogacy
A distinct advantage of mapping geomorphic features is that they already have well-established associations with benthic communities and biological assemblages (Table 3) . In other words, geomorphic features may, under known conditions, be surrogates for certain benthic communities. Some wellknown examples are the communities found in association with seamounts (Rogers 1994 , de Forges et al. 2000 submarine canyons (Vetter and Dayton 1998) and hydrothermal vents on mid-ocean ridges (Van Dover 2000) .
Geomorphic features, however, are not the only physical variables that have established associations with the occurrence of particular benthic communities (Table 3) . Maps of these other physical variables are also surrogates for cer- No. Name Definition 1 Shelf Zone adjacent to a continent (or around an island) and extending from the low water line to a depth at which there is usually a marked increase of slope toward oceanic depths. Sand bank Submerged bank of sand formed by tidal currents that may be exposed at low tide. tain biological assemblages. Given that individual variables are surrogates for certain communities, it seems reasonable that a combination of several variables would enable one to predict the distribution of a range of different communities. Based on this approach, we have used multivariate analysis techniques to identify the spatial distribution of different environments that we have termed "seascapes. "
Derivation of seascapes-example from Southwest Australia
The procedure adopted here was inspired by the shelf habitat classification applied in eastern Canada by Roff et al. (2003) . These workers used ArcGIS to undertake a supervised classification, overlaying several spatial data layers to create "seascape" maps. Seascapes represent spatial areas having similar physical properties. In this approach, a number of separate input variables are overlayed (Day and Roff 2000) and new classes are named for the combinations of variables occurring in each class. For example, Roff et al. (2003) merged previously classified variables including physiography, wave and current regime, bed roughness and sediment type to create a map showing where combinations of these variables occur-a seascape map. The analysis carried out for Australia's Southwest Planning Region was reported by Harris et al. (2007) . The classification method used is ER-Mapper's unsupervised ISOclass algorithm, instead of the GIS methods used by Roff et al. (2003) for defining seascapes. The objective of this methodology is to allow the natural statistical breaks in each data set to direct where the breaks between classes should occur. All variables are classified together, and given equal weighting, to yield a range of statistically different classes. Using the unsupervised method, the definition of any class does not depend on subjective judgment thus limiting any introduced bias in the creation of separate classes. Geoscience Australia has used this approach previously to generate seascapes for the Southeast Planning Region (Harris 2007) and in support of the national bioregionalization for Australia (DEH 2005) .
In the Southwest Planning Region, the variables used are (1) water depth, (2) slope, (3) gravel content, (4) mud content, (5) seafloor temperature, and (6) primary productivity (see Fig. 5 ). The six data layers were converted to a standard 0.01 degree (~1.1 km) grid obtained by interpolation of existing data. Each variable was scaled so that its range, within the final classification region, was 0 to 100. This ensured that each variable had equal weight in the classification process.
The algorithm was allowed to reach a point where 100% of the classes were unchanged from one iteration to the next, which resulted in a range of 3 to 15 possible classes. The optimum number of classes was chosen based on the "distance ratio" which is the average of the mean distance of each class member to its class mean. In this study, ten classes were chosen as the optimal number of classes, because at this point the mean average distance between class center points appears to reach a local plateau, or inflexion point (Fig. 6) .
Having allowed the statistical distribution of data to define the number and spatial distribution of seascape classes, the question arises, "what do these classes represent?" In order to answer this question, a "class means" graph was created which shows the mean value of each variable com- prising each class (Fig. 7) . The extreme (high and low) mean values can be used as descriptors for each class. For example, in comparison with other seascape classes, seascape 1 is characterized by greater depths, cold water and high mud content, while seascape 4 is characterized by greater depths, cold water, and high mud content, and is associated with low primary productivity. In this way, meaningful descriptive names can be derived for each of the 10 seascapes. The spatial distribution of seascapes (Fig. 8 ) demonstrates a close correlation to the national marine bioregionalization (DEH 2005) . Shelf provinces are closely associated with the spatial distributions of seascapes 6, 7, and 10, for example (Fig. 8) . This result is not surprising since the national benthic bioregionalization was based on essentially the same data sets (apart from sediment size data). The seascapes exhibit much more variety in the off-shelf regions, where the combination of classes 2, 3, 8, and 9 correspond with the slope biome, whereas seascapes 1, 4, and 5 correspond with the abyssal biome. The complex spatial character of the seascapes provides valuable information on the composition of the different provinces found in the Southwest Planning Region.
How are seascapes useful for designing MPAs?
In order to identify areas where the most seascape diversity occurs, and where the most geomorphic diversity occurs, a focal variety analysis of the data was undertaken in ArcInfo (ESRI Inc., Roff et al. 2003) . The focal variety tool "determines the number of unique values (or the variety) for each cell location on an input raster within a specified neighborhood and sends it to the corresponding cell location on the output raster" (ArcGIS Desktop Help, ESRI 2006) .
The user determines the neighborhood that will be investigated for each cell. The neighborhood is defined by shape (circle or rectangle) and by distance from centroid, or number of cells. For each cell the focal variety program will calculate how many different values are in the surrounding specified neighborhood and give the cell the value representing the number of different values it finds.
The focal variety analysis was carried out separately for the seascapes map (Fig. 9 ) and for the geomorphic features map (Fig. 10) . Interestingly, hotspots of heterogeneity are located in similar areas in both maps, along the shelf break, foot of slope, and over the Naturaliste Plateau (Figs. 4 and  10) . Very high heterogeneity is indicated for the Abrolhos Table 3 . List of some published studies relating biological assemblages to particular physical surrogates.
Surrogates Study
Depth Thouzeau et al. (1991) , Somers and Long (1994) , Long and Poiner (1994) , Long et al. (1995) , Kostylev et al. (2001) , Pitcher et al. (2002) , Post et al. (2006) % Mud Somers and Long (1994) , Long and Poiner (1994) , Long et al. (1995) , Kennish et al. (2004) % Gravel Thouzeau et al. (1991) , Greene et al. (1995) , Auster and Langton (1999) , Kostylev et al. (2001) , Post et al. (2006) , Beaman and Harris (2007) Mean grain size Greene et al. (1995) , Auster and Langton (1999) Organic carbon content of sediment Ramey and Snelgrove (2003) % CaCO3 Beaman and Harris (2007) Seabed hardness Greene et al. (1995) , Auster and Langton (1999) Seabed roughness Thouzeau et al. (1991) , Kostylev et al. (2001) Bed shear stress Connell (1978) , Warwick and Uncles (1980) , Thouzeau et al. (1991) , Long et al. (1997) , Fonseca and Bell (1998) , Kostylev et al. (2001) , Pitcher et al. (2002) Seabed exposure Connell (1978) , Warwick and Uncles (1980) , Long et al. (1997) , Fonseca and Bell (1998) , Post et al. (2006) Latitude/longitude Long and Poiner (1994) , Long et al. (1995) Surface primary production Ramey and Snelgrove ( Reefs, Perth Canyon region, and shelf areas off Albany (Figs. 4, 9, and 10). The sum of the seascape and geomorphic focal variety maps (Fig. 11 ) provides a synthesis of the two separate analyses. Given that combined seascapes and geomorphology focal variety analysis (Fig. 11 ) are representative to a first approximation of the diversity of benthic habitats, it can also be considered to be a representation of benthic biodiversity. This has direct applications in designing and cross-validating the NRSMPA, which has a goal of conserving marine biodiversity within each of the provincial bioregions located in each planning region. The hotspots of heterogeneity (Fig.  11) immediately suggest themselves within bioregions as candidates for MPAs, where conserving the maximum biodiversity can be achieved in the smallest possible area (see also Roff and Taylor 2000) . They are also areas where targeted marine surveys could be optimized to investigate the maximum diversity of habitats.
It is important to emphasize that the seascapes approach is not a replacement for direct sampling and mapping of biodiversity. Areas suggested as biodiversity hotspots based on surrogates (Fig. 11 ) need to be validated by field surveys. Seascapes and physical surrogates for biodiversity are a useful, complementary means of identifying locations where biodiversity conservation can be optimized within MPAs to augment and fill in the gaps where other biological data sources provide little or no coverage.
Summary and conclusions
A range of habitat mapping technologies was discussed at the Alaska Habitat Mapping Workshop (Anchorage, Alaska, April 2007) that pertain to management issues associated with specific geographic areas. The scale of the management issue determines the mapping scale and also the kinds of information required. Local issues require detailed information and what might be called a "bottom-up" approach whereas broad issues require information at a broad spatial scale and what might be called a "top-down" approach. A "bottom-up" approach would be more appropriate where protection of a particular threatened or endangered species was needed, or where protection of an iconic reef or other feature was being planned (Fig. 1) . In such cases, the information needed is both localized and detailed with respect to the occurrence of a particular species and the location of its critical habitat or the location and characteristics of the iconic feature in question.
In this paper, the management issue is to optimize the conservation of biodiversity within a representative system of MPAs of the Australian EEZ. A top-down approach was illustrated by application of a hierarchical classification scheme to define provinces, biomes and geomorphological units around the Australian continent. In Australia's experience, a crucial data set was the geomorphic features map derived from the interpretation of a 250 m grid bathymetry model. Geomorphic features set the positions of boundaries between provinces and biomes.
An advantage of using a map of geomorphic features in order to represent the distribution of biodiversity is that the benthic communities are well known for many feature types; hence geomorphic features are known to be a good surrogate for benthic habitats and biodiversity. We also know that geomorphic features are not the only surrogates for benthic communities; many other physical variables have been identified as having a high correlation with the occurrence of certain species and communities. Using ER-Mapper software, a multivariate analysis of six ecologically relevant variables was used to define 10 separate "seascapes" in Australia's Southwest Marine Planning Region.
Prediction of the biodiversity using seascapes maps provides 100% spatial coverage and identifies a subset of variables that define the key attributes of each seascape type. Using GIS focal variety analysis techniques, a map of seascape heterogeneity has been created for the Southwest Marine Planning Region that we suggest is a first approximation of the distribution of benthic biodiversity. Hotspots in maps of seascape heterogeneity may be considered as possible sites for the location of candidate MPAs, and also areas for more detailed marine surveys, within different bioregions.
